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‘1’111; LOS ALAhlOS 600 MJ, 1500 MW INERTIAL ENERGY STORAGE AND 1’ULSED POWER UNIT’ J

H. J. lloenig
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

A 1430 MVA synchronous generator from a cancclled nu-
clear powtr plant has been installed and commissioned at Los
Alamos Nationa; Laboratory (LANL) to be used as the pulsed
power gcl]ertitor [or physics experiments. The generator is
mounlcd IIIi a spring foundation to prevent dynamic forces from
being trallsInitted to the substructure and into the ground. A
6 MW load-commutated invcrter drive accelerates the machine
from standstill to the maximum operaLing speed of 1800 rpm
and from 1260 rpm to 18(Y3 rpm between load pulses, The gen-
erator cooling method has been changed from hydrogen to air
cooling to facilitate operation. A current limiting fuse, with a
fuse clearing current of 90 kA, will protect the generator output
against short circuit curren@.. An overview of the installation
is presenteu. The paper also addremea the overload capability
of the generator for pulsed loa&.

L-IJlmdwiQll

II) LIIC sulnmcr of 19E7 LANL acquired all components of
u 1430 MVA steam turbine generator from the Tennessee Val-
ley Authority (TVA). The components had been shipped ill
1981 aI)d 1982 to the Hartsville, near Naahville, TN, plant site,
‘l’he con,ponenls were therl stored in temporary buildings, The
generator was designed to operate in a nuclear power plant ea
a steady state machine with 1430 MVA output power at 0.9
power factor. LANL intends LO use the machine M a pulsed
power source for physics experiment.o. Initially the generator
wi]l provide power and energy to a 60 T magnet, being de-
sit I at Loo Alamoe aa part of the National High Msgnetic
Field Laboratory effort. The flat-top time of the magnet will
be 100 MS. The magnet requires a power of 120 to 150 MW
and an energy of nearly 300 MJ.

The total generator shaft train conslots of a permanent
magnet generator, a 315 mm ollp ring bearing, the clip ring
housing, the 630 mm non-drive end beulng, the generator, the
000 mm drive end bearing, the Intermediate shaft, the 800 mm
bearing, the thrunt bearing, the turning gear with 400 mm
bearing and the lube oil pump (Fig. 1). The Installation 10 de-
oigllerl tn rxtract tlic inertial energy ~f the rotor during a npecd
variutioll frolli r~tcd ol)ced to o,’? ruted u ted. During tuch a
speed clIhIIgu half or thr energy at rate $ speed Is extracted,
‘1-111’Il)il(lli[)(! is wrclerutcd in the nmrning from turning gear
spwvl to l~(N) rplll using tlw solid-stale drive ayotem, Dcforv
Lhv loud II IIISV [Iccurfl, tllu drive syotem in disconnected and the

1’SI)IIIIIIIIU II IIIU 111111 is vnvrgi~cd to its denired voltage, not t~] UX.
co~Id Z,I kv, ])urillg a Ilmxilnum load pulse, the machine Blown
(Imvn 10 i~(jo rpll] it~ a (CW occondo, III the next ten mlnutm,
lIIV drivv HyNIIIIII bguin M cckraten tile rotor to 1800 rpm for
ttlc Ilrxl 1(11111puhw, ‘1’hv ruduction i 1 upcecl from 1800 rpm
(O 12(K) rl)lll rclwuws (ioo” M.] of inertiul ~llergy, This ener y Is

!~ollvvrl{ul lllroug]l pr)w~,r NUIJplkH imd deposited In coils u the
cxpvriltwllt. II a Ivewr atlmunt of energy Is required in an expcr.
illwnt, thv rotor is accolvratcd to a obeed leas than lLK)O rpm,
(U lll,CtV{LV1 th ]JWVCr fUI!tH, A small Iorldddm npecd rangr
ar{lull(l Ifi(K) rpltl i~ uxcludvcl M a npeed for mta:tlng a puluv,
Imhuw’ d lINI hcct)lld critical at 1500” rprnh The total shhl’t
truiil i< 10!) ft lIIIIg HIId iN IIwunlwf on a 112 ft x 40 ft lnrrtiu
IJII,I k ‘1’111,tllllitl gvtl,,l~ltt,r pnrntnrlcrH aru ~lvcn III ‘1’uhlu 1.

‘1’11(1II itti~jll It)hx(w, collniHtillg 0( hearing and wllldugr
Il)*\l, s, NII, .1,2 hi\\ nt 1~()[) rpltl, ‘1’tlc 101ICI lube 011 lllvvn-
Lory is 2fi,~MN) ~allIIIIs, l“iKllrv 2 mh{Iwn a Vivw of lhc ~vlwrlil(lr
illwlhllillioll 110111tlIII (1, VII-VIId HIIIV, ‘l-ho nhu[t drlvcn lulJr uil
1)111111),I 1111I lltlllll~ goi,r IIOX 1111(1thp Illl{,rllll,dlmtc Hllrclt (’hll 1111

“’I’1,1,. work WM ~lipp)rtd bv LIIV US I)vptirmrnt d Envrgy,

seen in the lower half Of the picture with the generator ill the

upper half. The shaft train and the foundation are already
designed to accommodate a flywheel, when energy needs are
increased in the future. A flywheel with an energy of 2800 MJ
can be installed in the given space. The space for the flywheel
is currently bridged by the intermediate shaft.

3, Gertm@r Bulldlut and ~~ Lavcw!
,.

The generator building is 200 ft long and 60 ft wide and haa
two floors, the operating floor and the baaement floor. Except
for the generator shaft train, all other components, including
the lube oil tanks, batterien, drive and excitation system con-
verters, we in the beaement, Electrical equipment is located
near the generator terminaln, Personnel safety and ease of ma-
chine maintenance were the primary cormiderationa in deter-
mining the equipment layout. A 32 ft x 12 ft control room is
installed in the northemt corner on the operating floor, Fig-
ure 3 shows a cross section of the building, A 25 t overhead
crane has been installed In the building, The crane capacity waa
chosen so that a routine maintenance of the generator could be
performed. The heaviest piece to be !Ifted by the crane for re-
moving the rotor is the 23 t bottom half of the 630 mm bearing
pedestal. The building is long enough to house the rotor when
it in removed from the otator.

A small switchyard is located on the eaat side of the gen-
erator building, It Includes the station service, the drive and
excitation tranaformerc ●nd 13.4 kV swltchgm.r. The incom-
ing power to the swltchyaid is provided by three 1000 mcm,
13.4 kV cablea,

The generatol hae been Installed at I,oc Alairme on a mesa,
which also houses several nearby laser experiment. A concern
that the pulsed generator load would result In SOII vlbratlor-m
and ultimstel would have ● negative effect on law sllgnment

/wee ●xpresee , To mlnlmlze the roblem, the enerator us-
f’ $a spring mounted foundation, S xty aprlngm, t Irty on each

Bide, resting on the 4 ft thick b- concrete block, ●e installed
under the Inertia block, Four Bellevlll-type ●pring waehera in a
mprln box provide the cpring action. The Inertia block (4800 t)

tand t e generator (1200 t) have bean raked 1.5 In, by hydraullc
jacks in combination with the spring nupport adjustments and
the springs have been adJueted to aasure Ievellrrg of the inertia
block.

$ .Ft4~ibilitilah9: QDmtiMT~tt i.ox

Ilvforc a colltruct wua nigncd with ‘l’ VA, LANl, colllltliu-
oioncd the generator manufacturer to evaluate whether I hc
machine, with the given ●xcltatkm syntcm, could electrically
and Illcchanically o crate reliably under repetitive pulned load-

I’ing cundltiona, A oad pulse with a peak power of 1400 MW
wu turuumrd, Several are~ of concern were Idonlifled and ln-
vcstlgatcd ill conslderal)lc detail, ‘1’hcoe arcaa are mechanlchl
etrcaocn In the rotor uhaft caud by fMt torque changew, when
ttw ~etlrratur iu connected to a Iargr Ilywhcpl, and rnechanl.
CICI cyclic ntroauco In rotor COlllpOilellLCl uuch m the retalnln
rlnun, cauocd by a Iar o number of nlarto rrorn zero to ralc

!
!

npcodl Without a Ilyw lcul, the generator will Lo otrcnucd Qlcc-
trlrnlly and 111[’chanlcally lvlthln opcratlng Illlllttr hy the ~yclic
pulfIvIl lowllIIg, Iluwuvcr, when the guncrator In cunnectw.f to
a 2H()() h4J llywhccl, ● nudden chall~r III olcctrlc~l turquu OX.
( Itc. tmlonul UOCIIIIALIUIIS III the uliufl, ‘1’hr om’lllutiotlm urv
hnrdly dumpvd utld the Ilwrhanlcal torquu In tho dldt lwtworII
thu Kvll[lrut(lr nll(l lhv Ilywhm,l van URUIIW coll#ldurulJly hl~hvr
thrill rhlml Vuluvs, Ullllllntvly lho genrri-ctor nlmft will frill duv
1!) (’y( Ii( Rtlt’Hs rrwll lhcnv tl,l!~ur uHclllrLlhmH b Illw’hnlllcrll fn.

rtlgul’ ‘1’f~uvultl llw cxcltutlon (Jf the torque onc Ilnthm, lIIC rnto
of I’rlllll U!$ Ill rllUl ~)WVCr lllUNt hli Illlllttd tU V&lUCH Ill lhO Urdl)r
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Fig, 1. Generator shaft, train.

of 1 to 2 MW/me. Cycllc atremes in critical components of the
rotor, such M the retaining rings, the end windlnge, ~he main
and alipring far-mand the compoelted body, caused by ● large
number of run ups from zero to rated speed and load cycla
between 1200 rpm and rated -peed were aleo Invcwtigated, It
WM found that no ●xceesive cyclic atraeeez for up to 1700 run
ups from zero speed to rated speed and for 100,O9O load cycles
would occur. The manufacturer also recommended an hu ec-

?tion schedule, with the first inspection after 500 ttuts rom
standstill.

Table 1. Generator Parametwa,b
Power rating
Number of phaacu
Irrcqucncy
N IImbcr of poles
Vollllg(”
(;urrvl)l
Syhchronuus tipccd
l,owrr speed Iilnit
V;llcrgy )f gcncratm at 1800 rpm
Extraclablo energy
l’ulur repetition rate
Drive systcm rating
Statur wclght
l{otur wriuht

1430 MVA
3
60 Hz
4
24 kV i 5%
34,4 kA
1800 rpm
1?00 rpm
1210 MJ
000 MJ
10 mln
8000 hp
451 t
234 t

Fig, 2. View of the Loe Alamoo generator Irmtallalion,

ti~~

‘1’he machine weJ originally daalgned to oporatc under
76 ptl hydrogen prmuro. 13ecwzo of tha low thm mal Ioadlng of
the mtihlne during uhed Iohdm, olmpllclty In oporstlon with

$alr coollng and ●vol Ing a tedious Ilcerwln procedure, LA NL
!asked the generator manufacturer to Inveet gste the ~oealbillty

of runnhrg the machine In air, The manufacturer o Invaatl.
gatlon Into this question revealed thst the rnachlne could be
operated with alr coollrrg, provided the nmchlne WM encrglcmi
to 24 kV only during the pulse ●nd cortsln modlflcalionn wcrv
tllndr, IIcutera and an alr dr er have lmeII lnetallml III thu

rninrlline, v~hlch h~at and dry L,;Q alr wheII the twllpiirnturv IN
I)vh)w 77” P, Mild llw Ilmrhlnc rullH hclow W rl)lll, SIIILD H(IIIIH,
II RIIIM prvrmuriwl alr out of lbe dllruH~!rh of lIIP IIIkn rhtll(, hhvv
I)(WII illstulled on lmll I sides vf tha ntator cumlnfl III III ,Illr to
I)rovide rontr~)llud nir lh)w lhIIIU h tha a~wcllllly lnnlILllIIIl iilr

!Illlcrs, ‘~he alr Ildlllcaliutl IIU ncrouxl lIIP wltIdnuu Iohnw

lJy ;!()(I hW at IWO rptn colllpar~d to thP 7h Jnl II dru~rll {)pt’rw
H11011, (JHIIIU Iln)rv o@lIIIlmd fnm with a HIIIa Icr ~ Ialtwlrr rOr nll

COUIIIIM, the frlrtlun IOMBM rI)uld be rmlucml by 7(x) kW, At lhlH
Llrlw I, ANI, Irr IIOL colinldvrinw rcl)lsclng thrI fallrr lJovtiIIrw thv
ItiturllllttvlllItmk uf r4peraLlon clean nut ]Untlfy ttld adllillmlnl
Cxpuklnol
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Fig, 3, Cross section or the generator building,

From a thermal standpoint, the , onversion to air cooling
is been successful. After a day of running, including four
IUrs or operation al 1800 rpm, the er-w-ator air tempera~urcu

%Iforc the coolers were 139° C and t e hi, !hest atator nlot tem-
‘ralurc was 150° C.

L_Extitaticn &.koI

lhc static excitation system consists of ti e ori inal threc-
!~asc, 10 MVA, 24 kV/0,792 kV, wye-delta, oil Iled trans-

rnlcr, feeding four
[

arallel connected six-l ulae thyristor
idges. Each bridge M a no load voltage oi 1050 V and
rated current O( 3800 A. The thyrlstom are v~atcr cooled,
riginally, the excitation transformer was designe, { to be con-
‘cted to the 24 k V generator terminals, For pulse,l operation
is dcsirahlc to take the excitation power from the Itllity syn-
In mItI, therefore, the excitation transformer WM :’onnected

L)IO 1:14 kV utility systcm. The circuit of the tramforrncr
~oll(liir~winding wu changed to a wye connection, issulting
~ll~l]r(~xillliitt,ly thr snrrw cxcitcr r-m load volts e M dwigncd

!IgIIItIlly ‘I’l Ic cxcitrr i]ruvidm a field current o about 4M) A
lrill~ I IIV {Irivc rlmdu opcratiull of LIIC machine aIId 2M)() A
I 211 kV II(I Icrwl vultagc, During the pul~c the field currrnt
III ho raiwv.1 up to S100 A by tl}e voltage regulator wlt)~out
;cccding tlw trannforrncr raling. Because of the low exliter
Bsvs during puloed mode operation compared to the 86W A
r ntrady state operation, the cooling water In being clrculatod
Ily througli lhc rcctifieru without the uuc of the external he(lt
;chall~~r,

turning gear speed to 1800 rpm will take about 25 minutes,
The drive can be operate” down to speeds of 30 rpm in the
reger]erative breaking mode.

Fig. 4, Generator voltage for a 20 kV pulse,

in teate the generator waa accelerated In 15 minutee from
turning gear speed to rated speed, FI urn 5 shows the ~ener-

r?ator atator phase voltage, current en apeed ea a function of
time during a run-u from turning gear speed, The time to

raccelerate the rotor rom 1260 rpm to 1800 rpm between load
pulses h five minutes, The drive syotem cm be umci M a regen-
erative bled. It takea the machine 40 minutee to tout down
from 18W rpm to standstill, while with regenerative breaking,
the time i~ reduced to 7 mhtutm, u ohown In Fig. 6, During
the regenerative breaking the drive syntem returns to the util-
ity ayetem 871 MJ of energy of the 1260 MJ of energy otored
in the rotor and intermediate rrhaft. The overload c~pabillty
of the drive system wu tested by runnin the generator for s

\nhort time at 1900 rpm. A preliminary ywheel design call-
for a flywheel running In a v~uum, The friction iossee from
the flywheel are estimated to be 50 kW, however, the bear-
ing Iomes will hardly change, The existing drive system will
be ●dequate to accelerate enerator rotor ●nd fiywheel with
an extended run-up time, + Igure 7 shows different parametcro
during a heat run teat at 1800 rpm, which Iaeted for four houro
and included an over~peed test to 1900 rpm to test the drive
syste[n capability, The hem run tent wea followed by five ac.
celcration/deceleration cycl~ between 1200 mud 1800 rpm to
simulate load pulses, ‘1’hlu load te~t wee thermally more de-
manding than the expected ioading duilng cycllc oparstlon.
The figure nhowc the -peed, the metal temperature of the m-t
heavily Ioadod bearing (630 mm bearing) and the coolln ah

1temperature before the coolers. No alarm Iavela were remc ed,

uklumwM(umMwmh

l]ocsuna of the Iuwer dielectric strenfith of ●lr compared
to 75 pd hydrogen and tho reduced ●lr denelty s~ Los Alarnoa,
Iocatwl at 73OO ft elevation, It can~ot be ex ccted to run the

rmachlno ut a voltage III her than 24 kV, W th respect to the
7current, the thurmal Ilm t of thn machlnc in not being reached

during puloed oporatlon, A rnachlnc nlmlltr to the Los Al~moe
Inachilw han Lmcll Nuccerrnfully ehort circuit lcoted at 00% of
ralc,! vollngr, I’rtik turrenln II,) lU 2(M) kA were nmaaured,
\)nill~ the currvlll uvvrluad cnpul)ilily L}IV I,UR Alu III(In ll~achim~
ffIightpr~widr 20 tIJ M)% ovvrhmti fur u Iirllltwl nrm~utlt uf rupu~.
itlvv l~uhws, rvsultill~ ill u )ulhud ~uwor rnlinw In thr urdrr of

11w)()MW, It i~ ulldcrntul)t that t uritl~ twcrluwl twh critical
rol{lpollcnlu, such an rotor rctalnin~ rillgu hut! utalur eIId wilId-
itigr$, Illunt 1)0 cnrcfullv inntrumctltml utld ohnwvrd ml a rrhot hy
shut lnMl# tu nvoirl dnuiagc, A IIVV lnm~l~l uv{’rspmu.l will raim
t!” {xtr~ctnl}hl vlwr~y to 720 MJ, ‘1’hr ndditiun uf ~ Ilywhrvl
will r,iiso (lit otlw y tu 2(Kx) MJ cxtractahlv, lly uvcrrnpccdlllu

fthe llim~hltlc addit old 400 MJ cuuld IN rxtruvtml. ‘1’hc imiuv.
lmIrvu uf the Uanurntur ●nd tho excit~lhm ny~torn 1111111tho rnlu
of cnurl!y cxtractlcm, A rcaxonuhlc elmrv’ exlrrnctkm rhtu In ir~
thv urd(r uf I to z MJ/IIuI,
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Fig, 5, Generator parameters during run-up,
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Fig, 7. Generalor parameters during a heat run and speed
cycling test,

A 1430 MVA generator from a cancelled nuclear power
plant h~ been installed at La Alamoa to provide power and
energy to ox erlmcnts, which require hundredz of megawatts

?repetitively or sevaral oecon& per load pulse. The necessary
design modifications of ~he mtchine have been made, in par-
ticular, the hydrogen-to-air cooling change. The genarator h~
been tested both in the drive mode mnd in the gener~tor mode
under no load condition. The drive syntem hau ucelerated the
rotor to 1900 rpm, t 5% o“verspeed and hM simulated the ten
minute load cycle between 1260 and 1800 rpm by accelerating
and regeneratlvely breaking the machine, No excessive temper.
aturwr have been meaaured io the machine,
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